A new benzophenone, 2-hydroxy-3,4-dimethoxybenzophenone (1), together with a known C-glycosylxanthone, mangiferin (2) and two known C-glycosylflavones, isovitexin (3) and isoorientin (4), were isolated from the flowers of Rhynchosia suaveolens DC. (Fabaceae). The structure of the new compound (1) and the known compounds (2-4) were elucidated by extensive 1D and 2D NMR spectral studies. The plant extracts, as well as the isolated compounds, were evaluated for their total phenolic content (TPC), total flavonoid content (TFC) and DPPH radical scavenging activity. Among the isolated compounds, mangiferin (2) and isoorientin (4) showed significant radical scavenging activity comparable with that of ascorbic acid.
The genus Rhynchosia, family Fabaceae, is comprised of approximately 300 species, out of which twenty-two occur in India [1, 2] . A few plants of this genus are used in indigenous medicine as abortifacients [3] . Roots of some species have bacterial nodules which enrich the soil [2] . Seeds are said to be bitter and poisonous. Seeds of some Rhynchosia members have narcotic properties utilized by certain South Mexican Indian tribes [4] . Rhynchosia members are rich in flavones, especially C-glycosylflavones [5] .
R. suaveolens DC is a viscous hairy under shrub found widely in Deccan and Carnatic regions of South India [6] . Earlier work on the leaves of R. suaveolens resulted in the isolation of a few Cglycosylflavones and xanthones [7] . As there is no record of any phytochemical work on the flowers of this species, we have investigated them and report herein the isolation and structural elucidation of a new benzophenone, 2-hydroxy-3,4-dimethoxy benzophenone (1), together with a known C-glycosylxanthone, mangiferin (2), and two known C-glycosylflavones, isovitexin (3) and isoorientin (4) .The total phenolic content (TPC) and the total flavonoid content (TFC) of the plant extracts, and the antioxidant activity of the isolated compounds using the DPPH method have been assessed as well.
Compound 1, obtained as creamy white solid, showed a [M+H] + peak at m/z 259.0854 in its positive ESITOFMS consistent with the molecular formula C 15 H 14 O 4 , corroborated by the 13 C NMR spectrum, which showed resonances for all the carbons including the carbonyl carbon ( 198.7). The UV absorption maxima at 265 (sh) and 296 nm and the presence of the carbonyl carbon at  198.7 in its 13 C NMR spectrum suggested compound 1 to be a benzophenone derivative [8] .The two strong IR absorption bands at 3466 and 1600 cm -1 are due to phenolic hydroxyl and conjugated carbonyl functions, respectively. were assigned to H-5 and H-6 as they showed correlations with C-1 ( 115.9) and C-3 ( 136.5); and C-2 ( 154.9), C-4 ( 157.7) and the carbonyl carbon ( 198.7), respectively in the HMBC spectrum ( Figure 1 ). The methoxyl group at  3.86 was placed at C-4 based on HMBC correlation with this carbon at  157.7 and NOE correlation with H-5 ( 6.67) in its NOESY spectrum ( Figure 1 ).
The methoxyl group at  3.73 was placed at C-3 ( 136.5), as is evidenced by the appearance of a 13 C NMR signal at  60.0, characteristic of the carbon of a methoxyl group in a di-orthosubstituted environment [9] . The presence of a methoxyl group at C-3 was further evidenced by NOE correlation of these protons ( 3.73) with the hydroxyl proton at C-2 ( 11.47) and the methoxyl protons ( 3.86) at C-4. The three aromatic signals at  7.64 (2H, m, H-2,6), 7.62 (1H, m, H-4) and 7.53 (2H, m, H-3,5) were typical of a mono-substituted ring B [10] . Thus, from the foregoing spectral studies the structure of compound 1 was elucidated as 2-hydroxy-3,4-dimethoxybenzophenone. Incidentally, the occurrence of compound 1 constitutes the first report of the isolation of a benzophenone derivative from the Rhynchosia genus.
The structures of the other three phenolic compounds were established by comparison of their physical and spectral data with literature values as mangiferin (2) TPC of n-hexane, acetone and methanol extracts of R. suaveolens were determined spectrophotometrically according to the Folin-Ciocalteu method. The methanolic extract (RSM) showed the highest TPC (121.9+0.6 µg/mL of GAEs) followed by the acetone (RSA) (98.9+0.6 µg/mL of GAEs) and n-hexane extracts (RSH) (23.3±0.5 µg/mL of GAEs).The TFC of n-hexane, acetone and methanol extracts of R. suaveolens is presented in Figure 2 . The highest flavonoid contents were found in the methanol (68.7±0.6 µg/mL of QEs) and acetone extracts (56.9±0.3 µg/mL of QEs) whereas the lowest content (13.1 ±0.4 µg/mL of QEs) was found in the n-hexane extract. Comparison of TPC and TFC results of the plant extracts presented in Figure 2 , revealed that there is a linear correlation between the total phenolic and flavonoid contents.
The radical scavenging activities of the plant extracts and the isolates (1-4) of the flowers of R. suaveolens were estimated by comparing the percentage inhibition of DPPH radicals with that of ascorbic acid. Table 1 shows that the DPPH radical scavenging activity of the extracts and the isolates (1-4) were followed in the order 2>4>3>1>RSM>RSA>RSH. Mangiferin (2) and isoorientin (4) exhibited the highest radical scavenging activity (IC 50 51.7 and 57.7µg/mL) comparable with the positive control, ascorbic acid (IC 50 34.2 µg/mL). The acetone and methanolic extracts (RSA and RSM), and compounds 1 and 3 showed moderate antioxidant activities (IC 50 118.5, 103.1, 91.0 and 87.4 µg/mL), while the n-hexane extract (RSH) showed the weaker antioxidant activity (IC 50 325.3 µg/mL).
Experimental
Generalexperimental procedures: Melting points were determined using a Kofler hot stage apparatus and are uncorrected. UV spectrawere measured in MeOH on a Shimadzu UV-1800 spectrophotometer, IR spectra on a Bruker AlphaEco ATR-FTIR spectrophotometer, and 1 H and 13 C NMR spectra on Bruker Avance 600 and 400 spectrometers operating at 600.19 and 400.13, and 150.93, 100.62 MHz, respectively using DMSO-d 6 with TMS as internal standard. 1 H-1 H COSY, HSQC, HMBC and NOESY spectra were obtained using standard pulse sequences. ESI-TOFMS were recorded in positive mode on an API Q-STAR PULSA i of Applied Biosystem. Column chromatography was performed on silica gel (Acme) finer than 200 mesh (0.08 mm). TLC was performed on silica gel 60 F 254 precoated plates (Merck). The absorbance of radical scavenging activity was determined by using a Techcomp VIS-7200A visible spectrophotometer.
Plant material:
The flowers of Rhynchosia suaveolens DC were collected in February 2011 from Talakona forest ranges of Tirumala-Tirupati Hills, Andhra Pradesh, South India and identified by Dr K. Madhava Chetty, Assistant Professor, Department of Botany, Sri Venkateswara University, Tirupati, India, where a voucher specimen (DG-115) has been deposited.
Extraction and isolation:
Shade dried and powdered flowers of R. suaveolens (1.9 kg) were successively extracted with n-hexane (3 x 4L), Me 2 CO (3 x 4L) and MeOH (3 x 4L) at room temperature. The Me 2 CO and MeOH extracts were found to be similar on TLC and hence combined and concentrated under reduced pressure to give a pale yellow solid, which on recrystallization from MeOH yielded a creamy white solid 1 (19 mg). The mother liquor was concentrated to dryness to yield a yellow residue (37 g) and was segregated into EtOAc soluble and EtOAc insoluble fractions. The EtOAc soluble fraction (22 g) on purification over a silica gel column using a n-hexane-EtOAc step gradient (1:1 and 3:7) yielded 2 (25 mg) and a yellow gummy solid (40 mg), respectively. The gummy solid was purified by silica gel CC using an EtOAc-MeOH step gradient (8:2 and 7:3) to yield 3 (13 mg) and 4 (21 mg), respectively.
Estimation of total phenolic content (TPC):
TPC of the plant extracts was determined by the spectrophotometric method using Folin-Ciocalteu's reagent [13] . To one mL of plant extract (1mg/mL), 1 mL of Folin-Ciocalteu's reagent was added followed by addition of 10 mL of 7% Na 2 CO 3 and 13 mL of sterilized double distilled water. The mixture was incubated at 25°C in the dark for about 90 min. After incubation, the absorbance was measured at 760 nm.The TPC was determined using a standard curve with gallic acid as standard and TPC was expressed as mg of gallic acid equivalents (GAE) per g of dried sample. Absorbance of all the samples was analyzed in 3 replications.
Estimation of total flavonoid content (TFC):
TFC of the plant extracts was determined using a slightly modified colorimetric method [14] . In this, 1 mL of plant extract (1mg/mL) was added to a 10 mL volumetric flask containing 4 mL of distilled water. At zero time, 0.3 mL of 5% NaNO 2 and 0.3 mL of 10% AlCl 3 .6H 2 O was added. After 5 min, 2mL of 1 M NaOH was added to the mixture and the final volume was made up to 10 double distilled water. The solution was mixed well and the absorbance was measured at 510 nm. The TFC was determined using a standard curve with quercetin as standard. TFC was expressed as mg of quercetin equivalents (QE) per g of dried sample. Absorbance of all the samples was analyzed in 3 replications.
DPPH radical scavenging assay:
The radical scavenging activity of the plant extracts and the isolated compounds was carried out invitro by 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) assay [15] . One mL of various concentrations (20, 40, 60, 80 and 100 µg/mL) of test samples prepared in methanol was added to 2.0 mL of methanolic solution containing DPPH radical (1.0 mM/L). The mixture was vortexed for 1 min and then incubated for 30 min at room temperature. After incubation, the absorbance was measured at 517 nm with ascorbic acid as the standard. The radical scavenging activity (RSA) was calculated using the equation:
Where A c is the absorbance of the control and A s is the absorbance of the sample.
2-Hydroxy-3,4-dimethoxybenzophenone (1)
Creamy white solid (MeOH). MP: 110-112C.
FT-IR ν max : 3466 (-OH), 2935, 1600 (>C=O), 1498, 1434, 1331, 1272, 1094, 1041, 978, 804, 697, 590 cm -1 . UV λ max (MeOH) nm (log ε): 296 (4.81), 265 (4.66) (sh). 1 Supplementary data: All the spectra for the new compound 1( Figures S1-S9 ) and for the known compounds (2-4) (Figures S10-S18) are included in the "Supplementary Data" section.
